Coding diet records is a basic element of most dietary surveys, yet it often receives little attention even though errors in coding can lead to flawed study results. In the INTERnational study of MAcro-and micronutrients and blood Pressure (INTERMAP study), efforts were made to minimise errors in coding the 18 720 diet records. Staff were centrally trained and certified before being able to process study data and ongoing quality control checks were performed. This involved the senior (site) nutritionist re-coding randomly selected diet records. To facilitate standardisation of coding in the UK, a code book was designed; it included information about coding brand items, density and portion size information, and default codes to be assigned when limited information was available for food items. It was found that trainees, despite previous experience in coding elsewhere, made coding errors that resulted in errors in estimates of daily energy and nutrient intakes. As training proceeded, the number of errors decreased. Compilation of the code book was labour-intensive, as information from food manufacturers and retailers had to be collected. Strategies are required to avoid repetition of this effort by other research groups. While the methods used in INTERMAP to reduce coding errors were time consuming, the experiences suggest that such errors are important and that they can be reduced.
When collecting dietary intake data, errors arise from several sources (Bingham, 1991) . Under-and mis-reporting by certain individuals, e.g. restrained eaters and the overweight, are increasingly recognised and efforts are made to minimise these problems (Black et al. 1991; Johansson et al. 1998) . How diet records are coded to produce estimates of nutrient intake receives far less attention and in most research papers it goes unreported. This could reflect inadequate attention to the coding process that if associated with coding errors could result in flawed results.
Coding is generally carried out using an electronic database, which the coder searches to find a food code to match to each item reported in a diet record. Inaccuracies arise during coding from several sources, e.g. difficulties in interpretation of written detail, mistakes (e.g. number displacement) or poorly chosen food codes (Bingham, 1987) . Coding can also be compromised if users of food compositional databases do not refer to the documented limitations and pitfalls of using such tables. Users of the 6th edition of McCance and Widdowson's Food Composition Tables (Food Standards Agency, 2002) , for example, are advised to refer to food labels as well as the tables to ensure that recent additions (e.g. fortification) or changes in recipes (e.g. replacement of sunflower oil with olive oil) are accounted for in resultant nutrient calculations. Nutrient labelling is similarly flawed, however. A recent Food Standards Agency report considering the accuracy of nutrient labelling on sixty-five samples of sausages (Food Standards Agency, 2003) found discrepancies of up to 30 % when analysed meat contents were compared with labelling declarations. Divergence was also evident with several nutrient estimates: for example, Co-op Butchers 8 Select Pork Sausages contained 1350 mg more Na, 26 g more sugar, 29 g more carbohydrate and 34 g more protein/kg in product analysis compared with nutrient label estimates.
Inaccuracies in nutrient estimations linked to use of static food composition tables are also variable between individual users, and reflect differences in coder interpretation of diet records and nutrient databases used, rather than real differences between individual's nutrient intakes (Guilland et al. 1993 ). As problems during coding can greatly affect estimates of nutrient intake, enhanced efforts are needed to minimise them.
The present paper addresses efforts made in the INTER-MAP (INTERnational study of MAcro-and micronutrients and blood Pressure) study to maximise accuracy in coding. This study included 4680 participants, from seventeen population samples across China, Japan, the UK and the USA . Four 24 h dietary recalls were collected from each participant with use of standardised methods . Dietary data collected from the 2195 participants interviewed in the USA were entered directly onto the computer while the participant was recalling intake to enable automated nutrient coding; the 9940 dietary recalls collected in China, Japan and the UK were coded manually. Standardised procedures were applied to ensure this was done with the highest possible uniformity and accuracy.
Methods
INTERMAP staff in the UK were trained centrally to collect and code the 24 h recalls. Ongoing quality control (QC) checks were included with the aim of achieving a high standard of collection and processing of data throughout. Training and QC systems were adapted from the National Heart, Lung and Blood Institute procedures used in the Lipid Research Clinics study, the Multiple Risk Factor Intervention Trial and the USA -PRC Collaboration (Dennis et al. 1980 National Institutes of Health, 1992) . As far as we are aware, attempts to standardise coding in this way have not been previously made in the UK.
Before involvement in INTERMAP fieldwork, trainees were first required to gain certification in dietary collection and/or processing procedures. For dietary coders, this included nutrient coding of five standard 24 h dietary recalls and five additional self-collected recalls. Coding was first completed on the recall forms, then this information was transferred onto the FoodBase computer program (version 1.3, 1993; The Institute of Brain Chemistry and Human Nutrition, University of North London, London, UK). The basic structure and some of the nutrient composition data held within this program was used by the UK INTERMAP research team; however, it was extensively updated to include considerably more information on individual nutrients (for example, amino acid and fatty acid data not contained here) and data on new foods that had recently become available in the UK, and whose nutrient compositions could not be matched to that from any existing food code (e.g. Yakult) (Schakel et al. 2003) .
Throughout training and fieldwork, a code book was used, designed to facilitate standardisation of coding. For each food code, the code book specified a description, a list of food items represented by this code and portion size information. It was compiled as a rule book, structured to ensure coders did not make subjective decisions. Each recall coded by a trainee was marked against the original recall designed and coded by a senior nutritionist to assess accuracy. Any difference between food code number and/or weight assigned and original coding was considered a line error. The number of errors in each recall was expressed as a percentage of the total number of lines of coding. If this value exceeded 6 %, the diet record failed, and additional diet records were coded until the required ten passed. Only then could coders process data for the study. Since several staff members coded the same diet records in the training effort, this provided an opportunity to look at the impact of coding by different individuals on estimates of an individuals nutrient intake.
QC checks on coding during fieldwork began at the local site ( Fig. 1) . When coders had collated a batch of ten diet records, a senior local nutritionist (site nutritionist) randomly selected one recall (10 %) to re-code blind. If it contained . 6 % line errors, then all ten in the batch were recoded by the initial coder. This was continued until a randomly selected recall passed with # 6 % errors.
Many foods recorded in the diet records were not in the initial INTERMAP code book. During fieldwork, local site new food request (LSNFR) forms were completed to ask how such items should be coded. These forms were resolved whenever possible by the site nutritionist by matching the nutrient composition of the 'new' food, obtained from food tables or manufacturer's labels, to that of an existing food code. The permitted differences between the new item and the proposed match varied according to nutrient (e.g.^355 kJ (85 kcal),^5 g protein,^2·5 g fat, 50 mg Ca/100 g food). If a single suitable substitute could not be found, an attempt was made to solve the problem using a recipe, comprising several codes. When it was not possible to find such a solution, a new food code was created by the Nutrition Coordinating Centre (Minneapolis, MN, USA) and added to the database to enable coding (Schakel et al. 1997 (Schakel et al. , 2003 . Related coding rules were added to the code book for future use. When all LSNFR had been resolved and entered into the recalls, and batches had passed local QC checks, completed recalls were collected into batches of thirty (see Fig. 1 ). The site nutritionist reviewed these recalls before passing each batch to the country nutritionist, who initiated a further 10 % check (three randomly selected recalls from each batch). These were recoded blind, and passed if 6 % errors were found. If this value was exceeded, the local site nutritionist was responsible for recoding the complete batch of thirty recalls.
Results

Training
In the UK, eighteen staff completed training and were certified to code INTERMAP diet records. We explored the variation in estimates of nutrient intake associated with line errors noted in recalls recoded for the first four trainees (all dietary coders in the Belfast centre) during the initial stages of training. The four trainees included a dietitian, a nutritionist and two undergraduate students. Although they had all been taught previously how to code UK diet records, they made several errors. Comparisons of the nutrient estimates calculated for the correctly coded recall and trainee-coded recalls found considerable absolute variation in estimates of nutrient intake (Table 1) . Feedback was given following completion of each recall and each error was highlighted to help minimise its future occurrence. As consecutive recalls were coded the number of line errors decreased, as did variation in estimated nutrient intake.
Ongoing quality control checks
As described earlier, during the period of data collection, when a coder had completed coding a batch of ten diet records, one (10 %) was re-coded by a site nutritionist. During fieldwork it was found that 25 % of batches failed to meet the QC criteria the first time and 31 % of the failed batches failed again after return to the initial coder. Some of the eighteen coders were better than others. One coder completed sixteen batches (160 diet records) with no batches failing the QC check. Among the first five batches coded by another person, three batches had to be coded three times and the other two had to be coded four times. This coder improved greatly as more diet records were coded and the last six batches all passed QC checks first time.
Coding errors
Throughout the study, whenever a senior nutritionist recoded a diet record for QC, she gave written feedback to the coder about line errors. From these reports we were able to categorise different types of errors that arose:
Keying: typing in the wrong code number or weight. Choice of code: e.g. choosing the code for standard mayonnaise when a low-fat variety was recorded.
Subjective decisions: these were probably the most common mistakes initially, e.g. coding an unknown type of milk as whole milk when the code book stated that if the type is unknown it is to be coded as semi-skimmed.
Calculations: sometimes these errors were simple, e.g. coding for weight of one slice of bread when two were eaten, and sometimes these were more complex (e.g. when the participant reported intake in g, the coder multiplied by density, which is required only when intake is estimated by volume) or making an error in calculating weight (e.g. of a sausage from its estimated length, diameter and density).
Interpretation: e.g. when it was recorded that half a cup of coffee was not drunk, halving only the weight of coffee consumed not the weight of milk and sugar.
Decisions about brand items: e.g. coding what a volunteer described as 'Co-op Weetabix' as 'Weetabix' when Weetabix is a brand; the Co-op cereal should have been treated as a possible new food. In this case it is likely that it would be coded in the same way, but the nutrient label would have to be checked first.
Code book
As we had not used this system before, we started with a blank code book; as foods arose in the diet records, decisions were made about how to code them and these were entered in the code book. The number of LSNFR per diet record varied greatly and often reached as many as sixteen. In the Belfast centre for example, 3501 LSNFR forms were generated from the 240 Belfast participants (data collected from eighteen participants were incomplete, and therefore excluded from the final database). Creating coding rules in response to these requests was very time consuming, as it involved multiple contacts with food Table 1 . Line errors (%) and absolute variation in estimation of daily energy and nutrient intakes resulting from coding errors* (Ranges for four trainees) 24 h Dietary recall number † Line errors (%) Energy (kj) Protein (g) Na (mg)
* For details at procedures, see p. 766. † The four dietary recalls were coded consecutively and feedback regarding errors was given after each one.
manufacturers and retailers, and frequent visits to shops and supermarkets. The extracts from the code book show how new foods, e.g. Tesco's light digestive biscuits, were added to existing codes (Table 2 ) and how simple combinations of codes were used for composite products, e.g. beef pie (Table 3) . Table 4 shows one of the more complicated recipes in the code book, calculated by the Nutrition Coordinating Centre. Of the large number of UK requests to the Nutrition Coordinating Centre, most resolutions took the form of recipes such as that in Table 4 . Some 9735 of these coding rules were added to the UK code book throughout data collection, and 213 new food codes were also added to the food composition database.
Default codes
An important aspect in the development of the code book was writing rules for default codes. These were needed when inadequate information was available to code an item, e.g. as a result of the interviewer not asking for sufficient detail, the participant not being able to remember or not knowing in detail or it not being possible to find missing information. For example, the default code for an unknown type of boiled potatoes was for old potatoes boiled in salted water. Even with the most carefully collected diet records, details are missing, and therefore coders have to make what are at best educated guesses. Wherever possible when deciding on a default code, information was used about common consumption patterns (Ministry of Agriculture, Fisheries and Food, 1996) ; when this was not available, data on national food production or food imports were used.
Portion sizes
The code book also contained information on portion sizes or their calculation. INTERMAP participants reported portion sizes in various ways during their 24 h recall interviews. Many items were estimated by volume, with measuring spoons, cups and bowls (with coloured lines for calibration), geometric shapes, food models and food photographs (Nelson et al. 1997) as visual aids. If none of the apparatus was felt to be appropriate by the participant, he/she could draw the size of an item on graph paper. To convert volumetric data to weights, we collated information about food densities in the code book (Table 3) . For many food items it was possible to use information from the US Department of Agriculture (Database for nationwide surveys, release 7; 1991) as the foods were not country-specific, e.g. steak or honey. For other foods, e.g. certain breads and breakfast cereals, it was necessary to do our own density measurements. This was done by purchasing at least three different items matching a food description, then weighing them and taking measurements. For manufactured items, participants reported standard measures such as a can of cola or a packet of crisps, with a full description of the brand. Participants were also asked about the size of pack, any 'extra free' additions, and proportion of product consumed. We then used the book of Food Portion Sizes (Crawley, 1993) , or more commonly we used manufacturers' information or purchased the products and weighed them.
Discussion
Coding errors were substantial within INTERMAP UK centres, with about 25 % of records failing their first QC checks, yet with increasing knowledge of the code book, accuracy increased. Errors throughout data collection were varied; nonetheless, the use of written personal feedback for each coder following each 10 % batch check helped ensure accuracy in nutrient estimates and minimise frequency of coding errors. During fieldwork 9735 new rules were incorporated into the INTERMAP UK coding manual, to match the nutrient contents of a consumed food with an existing code or recipe of codes contained in the FoodBase nutrient analysis package (FoodBase version 1.3, 1993) . Some 213 new codes were also added by the Nutrition Coordinating Centre to code those food items that could not be matched to any combination of existing codes. Staff training and certification was an important component of the INTERMAP study. It was considered essential that coders in each country be trained centrally, as it has been found that coding errors are minimised when coders have similar training (Eagles et al. 1966) . The results in Table 1 suggest that although staff had coded diet records previously, the way in which they did this varied considerably. The focus of the INTERMAP study was consideration of the relationship of nutrients consumed by individuals to their blood pressure; therefore, it was important that errors in estimated individual intake of this magnitude did not occur during fieldwork. Training methods were found to lead to greater uniformity and reduced individual bias. The variation we found in estimates of individual intakes of energy and nutrients resulting from coding differences were similar to results found when eleven nutritionists in an US study coded three different diet records (Eagles et al. 1966) . Whilst nutrient differences were not statistically significant, differences of up to 2397 kJ (573 kcal), 33 g protein and 75 g fat were found. As the eleven nutritionists had similar training and work experience, the authors suggest the variation found might be the minimum to be expected from such an exercise. In a French study thirty diet records were analysed in three different nutrition centres (Guilland et al. 1993) . Here the focus was on group intakes and significant differences were found in mean intake for nine of fourteen nutrients, including a 29 % difference between two of the estimates for PUFA and 36 % for alcohol. Coding contributed less to the variability than did differences in the nutrient databases used, but differences from both sources were found. When individuals were ranked according to their nutrient intake estimated by the three French centres, considerable differences arose. For ten of fourteen nutrients, fewer than 70 % of individuals were placed in the same tertile by each of the centres and 17 % were placed in opposite tertiles by different centres.
Some coding decisions, considered as errors here, may not have been regarded as errors in other surveys, e.g. coding an unknown type of milk as whole rather than semi-skimmed, specified in the code book as the default code. We were aiming at complete standardisation of coding, to ensure that differences across coders had no effect on estimates of nutrient intake. Dietary data collected for the Dietary and Nutritional Survey of British Adults (Gregory et al. 1990 ) were processed using a code book designed for their needs; however, this was not felt to be suitable for use in INTERMAP since no definite nutrient limits are set to match codes to consumed items. The code book was designed to facilitate standardisation when foods are described in several ways and can be matched to several codes. For example, a participant may report 'two medium slices of white bloomer'; this could be coded as 'bread, white, average', 'bread, white, sliced', 'bread, white, large crusty' etc. Initially an attempt was made to use a form of matching tree or flow diagram, as might be used to classify plants, etc.; however, it was felt that the effort required would be unlikely to improve nutrient estimates appreciably. It is arguable that some differences in coding should have been allowed rather than being considered as errors, resulting in whole batches of diet records being recoded. However, if decisions about whether a difference constituted an error had been at the discretion of the site nutritionist, there may have been a tendency to permit possibly serious errors so as to avoid additional work for both the site nutritionist and the coder. In addition, making judgemental decisions about passing and failing may have created inter-personal problems, as staff were working in small teams at the local sites. While the benefits of the rigorous QC were appreciated by study staff, a consequence was that coding took much longer than expected and it was not always possible to intersperse coding with more stimulating tasks. The precise impact of the QC procedures on estimates of energy and nutrient intakes is unknown. A comparison of intakes estimated from diet records containing errors with errorfree records would partly address the issue; however, it was not possible to compare large enough numbers of diet records from matched here to allow a valid comparison.
In the UK the number of different foods eaten greatly exceeds the number of codes in the national nutrient database (Food Standards Agency, 2002 ) and this gap is ever increasing. Sainsbury, for example, estimate that a large store sells approximately 23 000 lines, of which 40 % are 'own brand' goods and they launch an average of 3000 new products each year (J Sainsbury plc, 2004) . It is inevitable that coders have to make judgement decisions when coding diet records. However skilled they are, the closest match they find for a food may not be good enough and may not have high repeatability, particularly for foods such as ready-meals and reduced-energy versions of standard foods. There are even problems with fairly standard foods like mayonnaise, muesli and sausages, since nutritional contents can vary greatly by brand and many supermarkets also have own-brand varieties. A single code in a nutrient database may be inadequate for these. Another problem we found was that composition of single brands could vary over time. Scotch eggs from a leading supermarket were found to decrease in fat content by 30 g/kg and increase in carbohydrate content by 34 g/kg between 1998 and 2000 for example. Our INTERMAP colleagues in the USA may have been able to account for such changes, as the Nutrition Coordinating Centre maintains routinely updated time-related databases (Buzzard et al. 1995 ), but we were not. Without changes in product names or barcode information, it is unlikely that it will become possible to account for such changes in the future. Since the present study was completed, the 6th edition of McCance and Widdowson's The Composition of Foods has been published (Food Standards Agency, 2002) . This includes some new foods, yet only a limited number of foods can practically be included in such a database; therefore, even immediately following its publication, this database still houses flaws. This further reinforces the need for a standardised approach to minimise subjective judgements.
New foods needing to be coded separately are constantly coming onto the market. Although some may be available only for a limited time, it is still important to code them as accurately as possible. When it is judged that a new food needs to be added to a nutrient database, information supplied by manufacturers is usually used and fields for unlisted micronutrients are left blank leading to underestimation of micronutrient intakes. Our method of using a combination of codes (as in Table 4 ) overcame this problem, but the additional lines of code increased the time taken for coding and introduced additional scope for coding errors. In retrospect it may have been better to add a single new food code with values calculated from such a recipe.
We spent a great deal of time collecting information for the UK INTERMAP code book and other research teams are collecting the same information to carry out their own dietary surveys. The INTERMAP UK code book and nutrient database are available for other research groups along with the procedure manuals †. The nutrient database has been enhanced in many ways, not just to account for new foods but to include additional nutrients and to become compatible with the nutrient databases used in the other INTERMAP countries (Schakel et al. 2003) . We started with a blank code book, but it may have been preferable to start with a book that included basic foods. This would have reduced the number of forms being completed and processed for the same 'new' foods. We also had to rely on the accuracy of nutrient data from manufacturers; this has been shown to vary considerably from true nutrient content for some foods (International Consumer Research and Testing Ltd, 1998) , but chemically analysing foods was not a feasible alternative. Many food manufacturers and supermarkets produce lists of nutrient contents of their foods. A computerised database containing a compilation of such lists would be a useful resource for researchers conducting dietary surveys. Where such lists are not available this can mean either waiting a long time for them to respond to requests for information on individual foods or searching supermarket shelves every time a new product appears on a diet record to obtain the nutrient content from the label. Supermarkets are not obliged to help us in our research and it is not a priority for them. Thus, more comprehensive lists would be of great benefit. Perhaps a generally available code book would be useful to save repetition of effort. Any such code book would have to be country specific; research groups may choose to modify it for their own purposes. Default rules, e.g. for unknown types of cooking fat, would have to be carefully considered, as they may not be appropriate for certain regions or among certain ethnic minority groups. In such instances default rules may be particularly necessary, as coders may not have the same background as participants.
Coding diet records is time consuming and attempts to standardise the process, such as those employed for INTERMAP, inevitably increase the time required. The improvements that occurred as our trainees coded more diet records and the reduction in the number of recalls failing QC checks as coders processed further batches show that accuracy in coding can be substantially enhanced. Two components of such progress were increasing familiarity with the code book and adoption of the idea that coders should not be making judgement decisions. Ongoing QC checks meant additional work as batches of diet records were coded repeatedly; this was necessary only because of unacceptably high error rates, which further highlights the need for such checks. While problems with information in food tables and from food manufacturers can be beyond the scope of many dietary surveys, it is feasible to attempt to standardise the coding process. Since our experiences show that coding errors are problems, but remediable ones, other studies need to consider including strategies in their protocols to minimise such errors. Standardisation becomes increasingly necessary with the ever-increasing number of foods available and with increasing emphasis on high quality, large, standardised, often multi-centre, studies.
